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NONVOLATIl£ SEMICONDUCTOR MEMORIES 



• CLASSIFICATION bt FUNCTION 
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EPROM 
E^PROM 

• CLASSIFICATION w TECHNOLOGY 

INTERCONNECT DEPENDENT ST0RA6E 
FLOATING GATE STORAGE 
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EPROM Deprogramming 



History 

■ Recurrent problem with floating-gate EPROM devices 
Impact on Devices 

■ Previously written memory bits become erased when 
exposed to high voltages on device control-gate with 
source and drain grounded or at low potential 

■ Failure mechanism is also manifested as immediate 
retention loss or failure to write (program) 

■ Also as Read-disturb 

Impact on Product Yield 

■ Deprogramming reduces yield 
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EPROM Deprogramming 



Deprogramming Model 

■ Loss of stored charges from floating-gate to control- 
gate on unselected devices during Write operation 

Loss Mechanism 

■ Asperities or other surface features found on floating- 
gate polysilicon surface or in the interpoly oxide 
cause localized enhancement of electric field which 
promotes Fowler-Nordheim emission of stored 
charges 

■ Overly sharp edges on floating-gate poly under 
control-gate overlap region causing Fowler-Nordheim 
emission of stored charges 
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(Drawing courtesy of A. Mecchl) 
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Potential Processing Solutions 

■ Asperity Related 

- Poly deposition temperature 

- Poly doping temperature 

- Increased poly doping level 

- Poly anneal 

- Pre-oxidation clean 

- Higher Interpoly oxidation temperature 

- HCI interpoly oxidation 

- Post-oxidation anneal 

■ Edge Effect Related 

- Etch slope control through alteration of etch 
ambient 

- Higher interpoly oxidation temperature 
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Experiment Result Summary 

(Exclusive of Interpoly oxfde temperature and 
doping level) 

Asperity Related 

■ Lower poly deposition temperature 

- Problem with uniformity control 

■ Increased poly doping temperature 

- Deprogramming increased 

Poly anneal 
w - No effect discernible 

■ Pre-oxidation RCA clean 

- No effect discernible 

■ HCI interpoly oxidation 

- Small Improvement observed 

■ Post-oxidation anneal 

- Not investigated 

Edge related 

■ Etch slope control 

- SF fi showed small improvement 
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Figure Comparison of the Effect of Endurance Cycling on Memory 

Tfiresholdt for the MDC MNOS, Hitachi MNOS ond Intel Flotox 
Nonvolatile Memory Transistors 
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